Disassembly of the actin network inhibits insulin-dependent stimulation of glucose transport and prevents recruitment of glucose transporters to the plasma membrane.
In muscle and fat tissues, insulin stimulates glucose transport through the translocation of glucose transporter proteins from an intracellular storage pool to the plasma membrane. The mechanism of this translocation is unknown. We have examined the possible role of the actin microfilament network in the stimulation of glucose transport by insulin and on the distribution of glucose transporters, in differentiated L6 rat skeletal muscle cells. Insulin (10(-7) M for 30 min) caused a major reorganization of the actin network of differentiated L6 myotubes. Cytochalasin D, a widely used inhibitor of actin filament formation, caused a dose- and time-dependent disassembly of the actin network, which was associated with an 80% inhibition of the insulin stimulation of glucose transport, without affecting the basal rate of glucose uptake. L6 myotubes express three glucose transporter isoforms, named GLUT1, GLUT3, and GLUT4. Disassembly of the actin network by cytochalasin D did not affect the number of basal glucose transporters in the plasma membrane but reduced the content of all three glucose transporters in intracellular membranes and prevented their appearance at the plasma membrane response to insulin. The inhibitory effect of cytochalasin D treatment on the insulin stimulation of glucose transport occurred downstream of tyrosine phosphorylation of the insulin receptor substrate-1 and of binding of phosphatidylinositol 3-kinase to the insulin receptor substrate-1. Using immunoprecipitation of intact membranes, we detected specific association of the actin-binding protein spectrin with GLUT4 glucose transporter-containing vesicles. We conclude that an intact actin network is required for the correct intracellular localization of glucose transporters, as well as for their incorporation into the plasma membrane in response to insulin. A direct interaction may exist between the actin network and the glucose transporter vesicles which may be mediated through a spectrin-containing skeleton attached to glucose transporter-containing vesicles.